Abstract Transcription factors (TFs) are an important target in understanding the regulation of plant responses to environmental stress including moisture stress. Members of the same TF family may differ in their response to moisture stress. The expression pattern could vary between shoot and root tissues depending on level of moisture stress. A set of five rarely studied TF families viz., MADS-box (MCM1, AGAMOUS, DEFICIENS and SRF), Auxin Responsive Factor (ARF), Heme Activator Protein 2 (HAP2), Multiprotein Bridging Factor (MBF) and Homeobox (HB) together having 20 members in sorghum, were expression analyzed through quantitative real-time PCR (qRT-PCR) in well watered and moisture stressed shoot and root tissues of sorghum using SYBR Green® to quantify dsDNA synthesis. Fluorescence values were used to calculate PCR efficiency by using LinRegPCR. The PTSb00029.1 and PTSb00033
Introduction
Abiotic stresses represent the most limiting factors affecting crop productivity all over the world. Moisture stress affects plant growth and development and depending on the stage, the yield fall varies among crop plants. Plants have developed adaptive strategies at morphological, physiological, cellular, and metabolic levels, which allow them to survive and reproduce. These adaptive responses are governed by specific gene products that allow plants to avoid the stress or become tolerant. Considerable amount of gene variation occurs among crop plants for this trait, sorghum is one of them. Among the cereals sorghum is considered as a drought tolerant crop which is largely grown in semi-arid tropics throughout the world as staple food and cattle feed. Sorghum's ability to withstand drought stress at different developmental stages makes it an excellent candidate for drought study. Particularly, smaller genome size (730 Mb) coupled with drought tolerant genes makes it an attractive model for functional and comparative genomics of drought tolerant studies. Hence, sorghum can serve as a source of genes and regulatory elements for drought tolerance through translational genomics approach and aid in further understanding the interaction of genes and networks under adverse condition (Paterson et al. 2009) .
Large number of genes and their products are involved in drought tolerance response in different pathways. Transcription factors (TF) are master regulators, generally early responding genes in drought tolerance response in plants. More than 30 families of TFs have been predicted in Arabidopsis including near about 1,922 TFs engaged in different functions. Members of DREB or CBF, MYB, bZIP, and zinc-finger families have been well characterized with roles in the regulation of plant stress responses. But very little work has been done on members of MADS box (MCM1, AGAMOUS, DEFICIENS and SRF), Auxin Responsive Factor (ARF), Heme Activator Protein 2 (HAP2), Multiprotein Bridging Factor (MBF) and Homeobox (HB) TF families in relation to moisture stress. MADS-box TFs are key regulators of several plant developmental processes. However, there are reports to indicate the role of MADS in moisture stress tolerance (Mane et al. 2007; Marino et al. 2009 ). The annotated functions of ARF family point to their involvement in auxin response in plants. Some of the members of ARF family are known to involve in drought tolerance besides others responses ). HAP2 is one of the subunits of a heterotrimeric CCAAT-box-binding complex appears to control expression of genes important for mitochondrial biogenesis (Edwards et al. 1998) . Plant NF-Y is one of CCAAT-box binding complex, involves in drought tolerance. NF-YB1 and its ortholog in maize ZmNF-YB2, lead to enhanced drought tolerance (Nelson et al. 2007) . MBF is another TF family whose members found to work as transcriptional co-activators in plants. MBF members have been implicated in moisture stress tolerance in plants but detailed studies are still remained to be done (Kim et al. 2007) . HB genes encode transcription factors that typically switch on cascades of other genes. Most of the times, homeodomain proteins act in the promoter region of their target genes together as complexes with other transcription factors in plants. Nearly 37 homeobox genes were found to be differentially expressed significantly under various abiotic stress conditions in rice (Jain et al. 2008) .
Genome-wide analyses of mRNA abundance showed that expression of 5-30 % of the genes were under the control of abiotic stresses (Rabbani et al. 2003; . In some cases, differential regulation of specific genes and pathways has been associated with improved adaptation of crop genotypes to different abiotic stress (Zhang et al. 2004) . New technologies such as DNA sequencing methodologies, throughput platform DNA array, in situ hybridization (ISH), subtractive hybridization, quantitative real-time polymerase chain reaction (qRT-PCR) etc. have increased knowledge of transcriptome. But, the introduction of qRT-PCR technology has significantly changed the field of measuring gene expression in both animal and plant molecular biology research. As an assay method of gene expression qRT-PCR is the highly sensitive technique for mRNA detection and quantitation in molecular biology. This technique is sensitive enough to enable quantitation of RNA from a single cell. The development of novel chemistries and instrumentation platforms has made it a widespread tool in research field. Another powerful method for gene expression analysis is ISH. This technique can localize targeted DNA or RNA sequences in their native tissue or cell environment. ISH can also be used to quantify specific DNA or RNA sequences in a sample. The development of nonradioactive methods for nucleic acid labeling simplified the application of this technique (Karlgren et al. 2009 ). The present study focused on gaining insight on differential regulation of the members of the same TF family in response to moisture stress in shoot and root tissues of sorghum. We reported expressional dynamics of 20 TF genes belong to five different TF families and further localization of expression pattern of two TF genes in root and shoot tissues of sorghum experiencing moisture stress.
Materials and methods

Selection of TF genes and primer pairs
A set of five rarely studied TF families viz., MADS, ARF, HAP2, MBF and HB having 20 members in sorghum were selected for their expression analysis. Selection of TF families was done based on the available information and annotated functions of TF families in Arabidopsis and rice. To know the differential response of the members of the same family to moisture stress, most possible all the known members of selected family were selected for analysis. Function of selected TF families, number of available members within family and selected members for the experiment are presented in Table 1 .
The nucleotide sequences of all the 20 TF genes from sorghum were carefully analyzed by comparing among the members of same family for similarity and distinction; the distinct portion of the sequence of each member to differentiate from others was identified and targeted to design the PCR primer pairs. Generally, the TF families have one or more conserved regions which are common for all the members. Non-conserved region specific to each member was scanned for primer designing. The primer pairs specific to all the 20 TF genes were designed using Primer3plus software (http://frodo.wi.mit.edu/cgi-bin/primer3plus/ primer3plus_www.cgi) and the primers were synthesized at Sigma-Aldrich (Germany). To ensure maximum specificity and efficiency during PCR amplification of TF cDNA under a standard set of reaction conditions, a stringent set of criteria was used for primer design. This included predicted melting temperatures (Tm) of 60±2 0 C, primer lengths of 20-24 nucleotides, guanine-cytosine (GC) contents of 45-55 % and PCR amplicon length of 100-200 base pairs (bp) were adopted for designing the primer pairs. Primer sequences are presented in Table 2 . Further, primer pair specificity was confirmed through BLAST analysis, PCR product size on agarose gel and sequencing of randomly selected two TF genes amplicon.
Moisture stress induction and tissue collection Drought tolerant sorghum cv. E36-1 was selected for experiment. Seedlings were raised in pots containing equal proportion of coarse sand and 2-5 mm brick pieces to allow easy removal of root system at the time of tissue harvest. Slow release fertilizer, 19:19:19 (Rashtriya Chemicals and Fertilizers Ltd., India) and micronutrients were used as source of nutrients. Up to 30 days, the pots were maintained at field capacity by regular irrigation and thereafter water was withheld to impose moisture stress. Control pots were maintained at field capacity by regular watering. The relative water content (RWC) and leaf water potential (LWP) were monitored in regular intervals using Aramid-3000® (MRC Ltd., Israel) (Scholander et al. 1965) . The RWC were determined as described by Netondo et al. (2004) . Sorghum shoot and root tissues were harvested for mild moisture stress when the values of RWC and LWP were 75 % and −12 bars respectively. For severe moisture stress, sorghum leaf and root tissues were harvested when the values of RWC and LWP were 39.5 % and −24 bars respectively. Moisture stressed and control tissues were harvested in two sets Caldana et al. (2007) . Desired quantity of DNA free total RNA was converted to single stranded cDNA by using High Capacity cDNA Reverse Transcription™ kit (Ambion, USA) following the instructions in the manual provided by the company. The efficiency of cDNA synthesis was assessed by normal PCR amplification of control 18S rRNA and actin genes. Only cDNA preparations that yielded sharp bands were selected for further experiment.
Internal controls
The genes such as 18S rRNA, EF-1α, β-actin, β-tubulin, and ubiquitin (UBQ) have served as good reference genes in rice and Arabidopsis (Caldana et al. 2007 and Czechowski et al. 2004 ). We initially selected three genes, viz, actin (AC1), β-tubulin and 18S rRNA which are common housekeeping genes in plants. The gene expression stability measure (M) was estimated in a set of 6 different cDNA samples originating from mild, severely moisture stressed and well watered root and shoot tissues using NormFinder software as described (Claus et al. 2004 ). The gene expression stability measure (M) was in the order of magnitude 0.301, 0.291 and 0.306 for actin (AC1), 18S rRNA and β-tubulin respectively.
Real-time PCR conditions and data analysis PCR reactions were carried out in an Eppendorf Mastercycler® ep realplex instrument (Eppendorf, Germany) in triplicates. SYBR Green® (Ambion, USA) was used to quantify dsDNA synthesis. Reactions (10 μl total volume) were performed in an Eppenderof 96-well plate containing 5 μl 2X SYBR Green®, 2 ng cDNA and 200 nM of each gene-specific primer. The master mix of different components of real-time PCR was prepared to avoid handling and pipetting errors. All templates were amplified using the following standard PCR program: 95°C for 10 min; 40 cycles of 95°C for 30 s and 60°C for 30 s, and 72°C for 30 s. Melting curves were generated after 40 cycles by heating the sample up to 95°C for 15 s followed by cooling down to 60°C for 15 s and heating the samples to 95°C for 15 s.
The Ct values and raw fluorescence data was extracted from the Eppendorf Mastercycler® ep realplex using extract PCR (Eppendorf, Germany) software. The baseline fluorescence data was collected from 3-15 cycles for background correction. The average of 3-15 cycles was subtracted from fluorescence value of all cycles. The background corrected data was used to calculate PCR efficiency by LinRegPCR (http:// www.bioinfo@amc.uva.nl; subject: LinRegPCR). The PCR efficiency of all the TF genes was obtained from the exponential phase of each individual amplification plot using the equation (1+E)010 slope (Ramakers et al. 2003) . Ct values of all TF genes were normalized with Ct value of 18S rRNA gene (26.53) to obtain ΔCt value. The calculated PCR efficiency and ΔCt values were used to derive fold expression of TF gene using the
where E (target) represents efficiency of target gene in sample, E (control) represents PCR efficiency of target gene in control and ΔCt represents Ct of target geneCt of reference gene.
In situ hybridization PTSb00220.1 (MADS) and PTSb00223.1 (MBF) TF genes were selected for their localization of mRNA in well watered and moisture stressed leaf and root tissues of sorghum. These two TF genes were selected on the basis of their lowest raw Ct values in both tissue types under moisture stress regimes.
The ISH was performed as described by Jackson (1991) with minor modifications. Harvested sorghum tissues were immediately placed in freshly prepared 4 % paraformaldehyde (PFA) solution and vacuum infiltrated at 450 mmHg on ice. Phosphate Buffer Saline (PBS) treatment was given twice, 30 min each, followed by an increasing series of ethanol. An increasing series of histochoice treatment was given for 30 min each and ¼ volume paraplast chips were added to the vials and kept overnight. Histochoice was replaced with freshly melted wax and left the vials open overnight at 60°C. The wax was replaced twice everyday for 4-5 days. Tissues were placed in molds and embedded with hot wax. Tissue sections of about 7-8 μm thick were taken using microtome (Leica, Germany). The sections were pre-treated to optimize the specificity and signal intensity of hybridization. The tissue sections were first deparaffinised by histochoice treatment and rehydrated through a decreasing ethanol series. The Sodium Citrate Saline (SSC) treatment was given for 15-20 min followed by Tris-EDTA (TE) with proteinase K (1 μg/ml) treatment for 30 min at 37°C followed by 0.2 % glycine in PBS for 2 min. The slides were treated for 10 min with PFA. Again, PBS wash was given for 5 min twice, followed by acetic anhydride treatment for 10 min. The slides were finally washed in PBS for 5 min twice, followed by an increasing ethanol series treatment for dehydration of tissues on the slides. Slides were hybridized with DIG-labeled riboprobes and kept at 50°C for 8 h. The slides were washed to remove the hybridization solution and subsequently treated with RNase A (Roche Diagnostics, Germany) to remove single stranded RNA. SSC and NTE solution treatment was given. The anti-DIG antibody was diluted (1:1250) in 1 % Bovine Serum Albumin (BSA), 0.3 % Triton X-100 in PBS solution and used for treatment. Slides were sandwiched together and dipped in the substrate solution and kept at dark for 1-5 days. Every day slides were checked for colour development, the and solution was changed. After the colour development, the slides were washed with TE solution to stop the alkaline phosphates activity. The sections were dehydrated through an increasing ethanol series followed by histochoice treatment. Finally the slides were dried in a fume hood and mounted with drops of cytoseal. The slides were left overnight to dry in laminar air flow.
Results and discussion
The RWC and LWP were regularly monitored to harvest the tissues. In well watered leaves of sorghum, the values of RWC and LWP at full turgor were 96-97 % and −5 to −6 bars, respectively. Sorghum shoot and root tissues were harvested for mild moisture stress when the values of RWC and LWP were 75 % and −12 bars respectively. During this period the leaves tended to roll slightly. For severe moisture stressed sorghum leaf and root tissues, tissue harvesting was done when the values of RWC and LWP were 39.5 % and −24 bars respectively. At this stage the leaves were found to be severely desiccated and drooping.
The total RNA was isolated from moisture stressed and well watered shoot and root tissues using TRIZOL reagent. The integrity of total RNA was examined by electrophoresing the individual RNA samples on denaturing, formaldehyde 1 % agarose gel stained with ethidium bromide which clearly showed the presence of two bright bands corresponding to ribosomal 28S rRNA and 18S rRNA with a ratio of intensities of~2:1 (Fig. 1) . In order to eliminate genomic DNA contamination, about 10 μg of total RNA from each treatment was treated with DNase I enzyme.
Resulting total RNA as template and sorghum gene specific primers were used in the PCR reaction and confirmed absence of genomic DNA traces in RNA samples as there was not amplification detected.
Specificity of PCR primers was assessed in three ways: by melting curve analysis of PCR reaction products to confirm the occurrence of specific amplification peaks and an absence of primer-dimer formation. Fractionation of PCR products on 3 % agarose gel and by sequencing the products of two randomly selected TF genes conformed their specificity to the target members of the chosen TF families (Table 3 ; Fig. 2a ). Despite high degree of sequence similarity among the members of TF families, it was possible to identify the distinct region that distinguished from one another in a PCR reaction. The distinct regions of homologous genes indeed pave way for their expression detection through strategically pointed primer pairs to such regions (Sadelin and wasserman 2004; Shaw et al. 2009 ). Out of 20 TF genes, 15 of them yielded expected amplicon and five primer pairs of the reactions yielded no detectable PCR product from both shoot or root cDNA at the end of 40 cycles indicating that the target genes were probably not expressed or expressed at very low level in these tissues and growth conditions. A typical qRT-PCR amplification plot is presented in Fig. 2b . Sequence of PCR product of PTSb00220.1 and PTSb00223.1 matched that of the intended target cDNA. Sequence analysis revealed that designed primers are highly specific (Table 3 ). The average PCR efficiency was computed for each individual primer pairs across all analyzed samples. Out of 20 TF genes tested, 2 genes recorded PCR efficiency greater than 1.91, and 10 recorded a PCR efficiency between 1.71 and 1.90. Three primer pairs had PCR efficiency between 1.60 and 1.70, and remaining 5 showed lower than 1.4. Data normalization for relative quantitation of expression of genes was approached by identifying the most suitable reference gene among tested actin (AC1), β-tubulin and 18S rRNA in sorghum. The M value was estimated through qRT-PCR in a set of 6 different cDNA samples corresponding to mild shoot, mild root, severe shoot, severe root, control shoot, and control root. On a model-based variance estimation approach, the M value was in the order of magnitude 0.301, 0.291 and 0.306 for actin (AC1), 18S rRNA and β-tubulin respectively; hence, 18S rRNA and actin genes were selected as reference genes. This combination of reference genes recorded a M value of 0.222, indicating this as a most stable combination and absence of significant differences in the expression levels in varied experimental conditions. In several instances of plant gene expression analysis by qRT-PCR these genes with similar combination have been adopted (Marino et al. 2003; Ruth et al. 2008 ).
The technical precision or reproducibility of qRT-PCR was assessed by performing replicated measurements in separate PCR runs. The same pool of cDNA to account the precision in technique employed and two different pools of cDNA obtained independently from two different batches of total RNA under the same condition to test precision of biological responses of plant to moisture stress were used. Precision, as reflected by the correlation coefficient, was r>0.97 for technical replicate and r>0.96 for biological replicates for both shoot and root tissues. The scattered plot depicting correlation coefficient between duplicate measurements of cDNA levels from the same and different pool of total RNA harvested from same treatment is presented in Fig. 3 . The correlation coefficient, was high in both the cases; technical and biological replicates recorded correlation coefficient values greater than 0.97 and 0.96 respectively in shoot and root tissues indicating high precision of technical and biological treatments and response of sorghum seedlings. A similar strategy to monitor the technical and biological precision of experiment was adopted by Czechowski and coworkers (2004) in Arabidopsis and by Kakar et al. (2008) in Medicago for TF genes to assign putative TF gene status. Besides separating the PCR products on an agarose gel, melt curve analyses was also performed for all PCR products to confirm the occurrence of specific amplification peaks and the absence of primerdimer formation. Similar technical and biological precision in moisture stress experiments leading to qRT-PCR testing of TF gene was reported in Arabidopsis (Huang et al. 2008; ), soybean (Moreira et al. 2010 ) and maize (Li et al. 2007; Xiao-feng et al. 2009 ). Different methods are available for estimating PCR efficiency. Classical methods use Ct values obtained from experiment while, alternative methods utilize fluorescence data captured during the exponential phase of amplification. We followed the later approach to calculate PCR efficiency by using LinRegPCR software to determine the PCR efficiency of each primer pair of the TF. In this method E value is derived from the log slope of the fluorescence versus cycle number curve for a particular primer pair, using the equation (1+E)010 slope (Ramakers et al. 2003 ).
Expression status of TF genes
The expression levels selected TF genes were analyzed in mild moisture stressed shoot and root tissues in comparison to respective well watered controls (Table 4 and Fig. 4 ). In general, many genes were down-regulated in moisture stressed shoot tissues as compared to moisture stressed root tissues. In mild moisture stressed shoot tissues none of the tested genes up-regulated, while 11 genes viz. PTSb00128.1, PTSb00218.1, PTSb00220.1, PTSb00029.1, PTSb00031.1, PTSb00032.1, PTSb00033.1, PTSb00034.1, PTSb00174.1, PTSb00175.1 and PTSb00223.1 were found down-regulating. In mild moisture stressed root tissues PTSb00128.1, PTSb00221.1, PTSb00029.1, PTSb00033.1 and PTSb00174.1 were up-regulated and 8 genes viz. PTSb00218.1, PTSb00220.1, PTSb00031.1, PTSb00032.1, PTSb00034.1, PTSb00173.1, PTSb00175.1 and PTSb00223.1 genes were down regulated. Seven genes were commonly down-regulated in mild moisture stressed shoot and root tissues. In case of root tissues, PTSb00128.1, PTSb00221.1, PTSb00029.1, PTSb00033.1 and PTSb00174.1 were up-regulated (Table 5) . Fold change analysis indicated that PTSb00029.1, PTSb00033.1 and PTSb00174.1 recorded a fold change range of 2 to 5; PTSb00221.1 TF recorded a fold change range of 5 to 10 while PTSb00128.1 recorded a fold change range of 10 to 20. The TFs are known to influence many biological processes, including cell cycle progression, metabolism, growth and development and responses to external environments. The transcription levels of TFs are altered by moisture stress. In this experiment we found differential up-and down-regulation of TF genes in response to moisture stress. The expression profiling revealed that more genes from among the tested ones up-regulated in root tissues as compared to shoot tissues during mild and severe moisture stressed conditions. The root system is critical to plant adaption and crop productivity in drought-prone environments. Roots are known to have the ability to maintain elongation under severe moisture deficit levels which completely inhibit shoot growth. It is therefore the root growth is tightly regulated both by intrinsic developmental cues, such as abscisic acid (ABA) and auxin, and by the external growth conditions such as scanty moisture and high salinity in the soil. Molina et al. (2008) and recorded up-regulation of several drought responsive genes including transcription factors in chickpea and Arabidopsis roots respectively. Earlier Jiang and Deyholos (2006) found similar type of results, who examined various members of ARF, MADS, HB and some other TF families in moisture stressed root tissues of Arabidopsis.
Expression levels of selected genes were compared in severe moisture stressed shoot and root tissues with respective well watered controls. In severe moisture stressed shoot tissues, PTSb00208.1 was up-regulated, while other 12 genes, PTSb00128.1, PTSb00218.1, PTSb00220.1, PTSb00029.1, PTSb00031.1, PTSb00032.1, PTSb00033.1, PTSb00034.1, PTSb00173.1, PTSb00174.1, PTSb00175.1 and PTSb00223.1 were down regulated. In severe moisture stressed root tissues 7 TF genes viz. PTSb00128.1, PTSb00208.1, PTSb00221.1, PTSb00029.1, PTSb00033.1, PTSb00174.1 and PTSb00175.1 were up-regulated and 6 were down-regulated (PTSb00218.1, PTSb00220.1, PTSb00031.1, PTSb00032.1, PTSb00034.1 and PTSb00223.1). Six TF genes were found to be commonly down regulated in severe moisture stressed shoot and root tissues. Whereas, PTSb00208.1 was found to be commonly up-regulated in severe moisture stressed shoot and root tissues (Table 5 ). In case of root tissues, 7 TF genes upregulated; PTSb00029.1, PTSb00033.1, PTSb00174.1 and PTSb00175.1 recorded a fold change of 2-5; PTSb00128.1, PTSb00208.1 and PTSb00221.1 recorded a fold change of 5-10. In case of shoot tissue PTSb00208.1 recorded a fold change of 5-10. A web-based annotation of the genes used in the current study is presented in the Table 6 . Members of ARF family, PTSb00031.1, PTSb00032.1 and PTSb00034.1 showed down-regulation in mild and severe moisture stressed shoot and root tissues of sorghum. Whereas, PTSb00033.1 showed up-regulation in mild and severe moisture stressed root tissues. Some of the members of ARF family are known to respond differentially in a moisture stressed manner in Arabidopsis. recorded up-regulation of ARF17 in Arabidopsis mutant which was drought tolerant. However, in the same mutant no significance difference was noticed in expression levels of ARF1, ARF5 and ARF7 as compared with normal Arabidopsis plant, indicating differential response of ARF members in moisture stress. PTSb00128.1 TF is the member of HAP2 family and it showed up-regulation in mild and severe moisture stressed root tissues. On the other hand, it showed downregulation in mild and severe moisture stressed shoot tissues. Cohen et al. (2010) also reported up-regulation of putative NF-YA and NF-YB in drought induced populos roots and they also carried out meta analysis of genome wide expression profiling in mature leaves and root apices. Further, the TF gene PTSb00128.1 revealed homology with OsHAP2B and AtNF-YA subunit 7. Upregulation of HAP2 TF family member in drought tolerant landraces of maize has been reported previously (Kanashiro et al. 2009 ).
Verification of qRT-PCR results by in situ hybridization
Confirmation of the qRT-PCR result was approached through ISH analyses of randomly selected PTSb00220.1 and PTSb00223.1 TF genes. The signal was detected in all hybridized samples except the ones without probe controls (Figs. 5 and 6a and b) . The expression of PTSb00220.1 was detected throughout the leaf. Accumulation of transcript was found more in lower and upper epidermis in well watered leaf sections as compared to moisture stressed leaf sections. Intensity of hybridization signal was slightly less in mild moisture stressed and severe moisture stressed leaf tissue as compared to well watered leaf tissues. In moisture stressed leaf tissues, the expression of PTSb00220.1 was conspicuous in vascular bundles and it was very less in epidermis cells. In severe moisture stressed leaf tissue sections, in lower epidermis and spongy tissues the expression of PTSb00220.1 was more as compared to other parts of tissues (Fig. 5c to e) . The pattern was similar in root tissues as well. Signal intensity was more in epidermis and phloem cells of vascular bundles whereas in endodermis and xylem cells of well watered root tissues, the signal was very low or negligible: the expression pattern was comparable in moisture stressed root tissues (Fig. 6c to e) . The expression pattern of PTSb00223.1, a MBF family member, was similar in both root and leaf tissues, where expression was strong in well watered situation compared to both mild and severe moisture stress conditions. The expression of gene was observed in all part of leaf such as upper and lower epidermis, cuticle, palisade and spongy cells but it was more in vascular bundle in well watered and moisture stressed leaf tissues ( Fig. 5f to h ). In case of root tissues signal intensity was more in epidermis and phloem cells of vascular bundle. The signal was very low or negligible in endodermis and xylem cells of well watered root tissues ( Fig. 6f to h) . Comparison of the results from qRT-PCR with those from ISH analyses revealed similar patterns or tendencies of expression of TFs as response to moisture stress. The MADS family members, PTSb00218.1 and PTSb00220.1 recorded down-regulation in mild and severe moisture stressed shoot and root tissues of sorghum. Both TF genes recorded two folds down-regulations in mild moisture stressed shoot tissues and it was 1.5-2 folds down regulation for other tissues. BLASTN analysis of the PTSb00218.1 and PTSb00220.1 showed significant sequence similarity with SVP and AGL29 of Arabidopsis thaliana: the SVP gene is known to involve in late flowering in Arabidopsis (Masiero et al. 2004) . SVP represses FLOWERING LOCUS T (FT) expression by directly binding to a CArG box motif in the FT promoter and block the expression of floral stimulus in the leaf ). These two MADS family member might have a role in flower induction pathway in sorghum by acting as a repressor of flowering. Drought seems to down-regulate expression of these two genes in order to achieve early flowering in sorghum so that plants could complete their life cycle early: one of the mechanisms of drought escape. Arora et al. (2007) also recorded down-regulation of MADS family members in response to drought stress and in rice they showed that three genes, OsMADS2, OsMADS30 and OsMADS55 showing more than 2-fold down-regulation in response to dehydration and salt stress. In the present study, another members of MADS family, PTSb00221.1 up-regulated in mild and severe moisture stressed root tissues whereas, PTSb00208.1 found up-regulating in mild moisture stressed shoot tissues. Though, MADS members have been well characterized for their role in floral identity in Arabidopsis (Pelaz et al. 2000) , recently some MADS TFs are found to be involved in moisture stress response of Arabidopsis (Mane et al. 2007 ). Previous reports of and Tran et al. (2004) also point at an involvement of MADS in abiotic stresses response in plants. All these reports including the results of this study revealed role of MADS family genes in overcoming stress responses in plants but detailed studies are still remains to be done.
MBF family member, PTSb00223.1 showed downregulation in mild and severe moisture stressed shoot and root tissues. The members of MBF family are known to work as a transcriptional co-activator that mediates transcriptional activation by bridging between an activator and a TATA-box binding protein. Only one gene for MBF1 has been reported in all eukaryotes but Arabidopsis consist three different genes encoding MBF1. MBF1a (At2g42680) and MBF1b (At3g58680) are developmentally regulated (Tsuda et al. 2004) . In contrast, the steady-state level of transcripts encoding MBF1c (At3g24500) is specifically elevated in Arabidopsis in response to pathogen infection, salinity, drought, heat, hydrogen peroxide, and application of the The presence of targeted mRNA is indicated by pinkish purple colour. a, b root sections; negative (without probe) control c Well watered root section hybridized with PSTb00220.1 DIG-labeled RNA probe d Mild moisture stressed root section hybridized with PSTb00220.1 DIG-labeled RNA probe e Severe moisture stressed root section hybridized with PSTb00220.1 DIG-labeled RNA probe. f Well watered root section hybridized with PSTb00223.1 DIG-labeled RNA probe g Mild moisture stressed root section hybridized with PSTb00223.1 DIG-labeled RNA probe h Severe moisture stressed root section hybridized with PSTb00223.1 DIG-labeled RNA probe plant hormones abscisic acid or salicylic acid (Rizhsky et al. 2004; Tsuda et al. 2004 ). In present study BLASTN revealed 85 % sequence similarity between PTSb00223.1 and MBF1a. There was no significant sequence similarity with MBF1b and MBF1c. As PTSb00223.1 shares 85 % sequence similarity with MBF1a it may be developmentally regulated and it has no direct role in drought tolerance in sorghum.
The PTSb00175.1, a HB family down-regulated in mild and severe moisture stressed shoot and root tissues and PTSb00173.1 recorded a down-regulation in mild moisture stressed root tissues and severe moisture stressed shoot tissues. Whereas, PTSb00174.1 TF gene, close to homeobox ATHB7 and ATHB12, shows up-regulation in mild and severe moisture stressed root tissues. Role of ATHB12 and ATHB7 is well-known in Arabidopsis under water stress conditions (Olsson et al. 2004 ). Cohen et al. (2010) also reported up-regulation of putative TF close to ATHB7 and ATHB12 in populous. Recently, Ariel et al. (2010) recorded role of one of the HB family member HB1 in lateral root emergence in Medicago. A differential expression of HB TF family members in leaf tissues of drought tolerant cultivar of Mexican maize as compared to well watered control has been reported by Kanashiro et al. (2009) . Nonetheless, the HB family is known to be a moisture stress up-regulator in plants (Rocha et al. 2005; Zhou et al. 2007 ) and its members are involved in ABA dependent drought response. Hence, PTSb00174.1 seems to have a functional role in making sorghum a drought tolerant plant: a detailed characterization of this gene for its involvement in moisture stress response in sorghum will serve as a reference for comparative studies in closely related crop plants.
Apart from role in moisture stress some of the members of the selected families are involved in more than one type of stresses such as biotic and other abiotic stresses. The MBF1c (At3g24500) is specifically elevated in Arabidopsis in response to pathogen infection, salinity, drought, heat, hydrogen peroxide, and application of the plant hormones abscisic acid or salicylic acid. The MBF members are also known to participate in ethylene signaling (Kim et al. 2007) . Recently, Yang et al. (2010) recorded that the involvement of MBF (GenBank accession numbers HO762735) in salt stress. OsBIHD1, a HB member is involved in different signal transduction pathways to regulate developmental processes and responses to biotic and abiotic stress. This family is also known to positively regulate disease-resistance responses and act as a negative regulator of abiotic stress tolerance (Luo et al. 2005) . Further, auxin acts as an important component involved in defense responses via regulating the expression of a large number of genes and mediates crosstalk between abiotic and biotic stress responses (Ghanashyam and Jain 2009 ). Ghanashyam and Jain (2009) analyzed the expression profiles of auxin related genes in which some of the members of the ARF family were differentially regulated under different abiotic stresses. Several HAP2 transcription factor transcripts including At3g05690/NF-YA2, At1g54160/ NF-YA5, At3g14020/NF-YA6, At1g72830/NF-YA8, and At5g06510/NF-YA10, increase during N and P limitation Pant et al. 2009 ).
Moisture stress response of crop plants is a complex phenomena involving a large number of genes and understanding the specific role of these gene in crop like sorghum, known to endure the moisture stress relatively better compared to other cereals, will help deeper understanding of possible mechanisms of drought tolerance and its possible cross comparison with other crop plants. Taken together, the results of present study provide insight into role of selected TF families and their members in moisture stress response of sorghum. Differential regulation of these genes under moisture stress also pointed at their role in drought tolerance in plants. This information will be a valuable starting point for further research on these genes.
